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Polyoxin D Zinc Salt

Crops

Identification of Petitioned Substance

Chemical Names:

Polyoxin D, Zinc Salt;

Zinc 5-[[2-amino-5-O-(aminocarbonyl)-2-deoxy-
L-xylonoyl]-1-(5-carboxy-3,4-dihydro-2,4-dioxo-
1(2H)-pyrimidinyl)-1,5-dideoxy-$3-D-
allofuranuronate]; b-D-Allofuranuronic acid,5-
[[2-amino-5-O-(aminocarbonyl)-2-deoxy-L-
xylonoyl]amino]-1-(5-carboxy-3,4-dihydro-2,4-
dioxo-1(2H)-pyrimidinyl)-1,5-dideoxy-,zinc salt
(1:1) (9CI); Allofuranuronic acid, 5-((2-amino-5-o-
(aminocarbonyl)-2-deoxy-L-xylonoyl)amino)-1-
(5-carboxy-3,4-dihydro-2,4-dioxo-1(2H)-
pyrimidinyl)-1,5-dideoxy-, zinc salt (1:1)

19
20
21
22
23
24
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Other Name:
Polyoxirim

Trade Names:
Endorse™; Ph-D™ Water Dispersible Granules;
STOPIT™; Veranda™, Veranda-O.

CAS Numbers:
22976-86-9 (polyoxin D)
146659-78-1 (1:1 zinc salt)
33401-46-6 (zinc salt)

Other Codes:
PC 23000

Characterization of Petitioned Substance

Composition of the Substance:

Agricultural antifungal antibiotic complex produced by Streptomyces cacaoi var asoensis and S. piomogenus
(O'Neill, 2006). Molecular Formula: C17H23N5014 - Zn (Chemical Register, 2012). Polyoxins all share a 5-

substituted uracil base (Worthington, 1988).
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Source: ChemBioFinder: 2012
Note: The zinc salt is of the form polyoxin D - Zn

Properties of the Substance:
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Technical Evaluation Report Polyoxin D Zinc Salt Crops

Table 1
Physical and chemical Properties of Polyoxin D Zinc Salt
Physical or Chemical Value:
Property:
Physical State Powder
Appearance Brown
Odor Musty
Melting Point 122.5+0.2°C;
decomposes at 170°C
Solubility Water: 1.0 g/100 mL
Relative Density at 25°C. 1.864g/cm3
2.32441 g/ cc (20-27.1°C)
pH 7.51 (1% solution, 23.2°C)
6.9 (6.7-7.2)

Sources: ChemBioFinder, 2012; LookChem, 2012; Smith, 2012

Specific Uses of the Substance:
Agricultural fungicide; antifungal pharmaceutical.

Approved Legal Uses of the Substance:
EPA Registered.

Action of the Substance:
Inhibits cell wall chitin synthesis (Misato, 1977; O’Neill, 2006).

Combinations of the Substance:

Polyoxin D Zinc Salt pesticides that are used by farmers are formulated with undisclosed inert ingredients.
The preferred surfactants used in the dry flowable form are formalin sodium naphthalenesulfonate or non-
ionic polyoxyethylene alkyl ethers (Tokumura, et al., 2001). Polyoxin D Zinc Salt may also be mixed with
other fungicides.

Status

Historic Use:

Not used in organic production. First isolated in 1966 and reported in 1967 (Bono et al. 1967). First
registered for use by EPA 1997. Early registrations were all for turf grass and ornamentals, and toxicity
tests were waived (EPA, 2001). EPA first approved food uses in 2008 for the 2009 growing season (Hollis,
2008).

OFPA, USDA Final Rule:
Not listed in the OFPA or USDA NOP Final Rule.

International

Canada - Canadian General Standards Board -
Polyoxin D Zinc Salt does not appear on the CGSB permitted substances List (CGSB, 2011)

CODEX Alimentarius Commission - ftp.//ftp.fao.org/docrep/fao/005/Y2772e/Y2772¢.pdf

Polyoxin D Zinc Salt does not appear on the Codex Alimentarius Commission’s Guidelines for the
Production, Processing, Marketing and Labelling of Organically Produced Foods Table 2, Substances for Plant
Pest and Disease Control (Codex, 2001).

European Economic Community (EEC) Council Regulation, EC No. 834/2007 and 889/2008
September 23, 2012 Page 2 of 15
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The European Union regulation requires all authorized plant protection products to appear on a list of
permitted inputs (EC, 2007). Polyoxin D Zinc Salt does not appear on the list of authorized plant protection
products and is therefore prohibited (EC, 2008). Other antibiotics used in crop production that are
permitted under the NOP are not accepted in the EU Equivalency Agreement (EC, 2012).

International Federation of Organic Agriculture Movements (IFOAM) - Polyoxin D Zinc Salt does not
appear on Appendix 2 of the 2005 IFOAM Basic Standards (IFOAM, 2005). No dossier has been received at
the time of this report.

Japan Agricultural Standard (JAS) for Organic Production — The Japanese Agricultural Standard for
Organic Production does not include polyoxin D Zinc Salt on Table 2, Substances for Plant Pest and
Disease Control (JMAFF, 2012).

Evaluation Questions for Substances to be used in Organic Crop or Livestock Production

Evaluation Question #1: What category in OFPA does this substance fall under: (A) Does the substance
contain an active ingredient in any of the following categories: copper and sulfur compounds, toxins
derived from bacteria; pheromones, soaps, horticultural oils, fish emulsions, treated seed, vitamins and
minerals; livestock parasiticides and medicines and production aids including netting, tree wraps and
seals, insect traps, sticky barriers, row covers, and equipment cleansers? (B) Is the substance a synthetic
inert ingredient that is not classified by the EPA as inerts of toxicological concern (i.e., EPA List 4 inerts)
(7 U.S.C. § 6517(c)(1)(B)(ii))? Is the synthetic substance an inert ingredient which is not on EPA List 4,
but is exempt from a requirement of a tolerance, per 40 CFR part 180?

Polyoxin D Zinc Salt is a toxin derived from Streptomyces cacaoi var. asoensis, a soil-borne microorganism.
Other fungicides derived from Streptomyces spp. have been considered toxins derived from bacteria
consistent with 7 USC 6517(c)(1)(B)(ii)(A) [7 CFR 205.601(i)(10) & (11)].

Evaluation Question #2: Describe the most prevalent processes used to manufacture or formulate the
petitioned substance. Further, describe any chemical change that may occur during manufacture or
formulation of the petitioned substance when this substance is extracted from naturally occurring plant,
animal, or mineral sources (7 U.S.C. § 6502 (21)).

Polyoxin D is produced by controlled fermentation of the naturally occurring soil microorganism
Streptomyces cacaoi var. asoensis, a soil-borne microorganism. The media used, fermentation conditions and
extraction steps were not disclosed in the public version of the petition but are contained in the
Confidential Business Information (CBI) version of the petition. The petition states that polyoxin D Zinc
Salt is isolated from the broth and dried. Based on the CBI version of the petition, the Zinc Salt appears to
be a reaction product and not the naturally occurring form.

The plant pathogen Alternaria kikuchiana has developed resistance to various polyoxin fungicides.
Manufacturers have used three different approaches to overcome resistance: 1) transnucleosidation; 2)
biosynthesis of a polyoxin with the 5-fluorouracil moiety; and 3) decarboxylation of the 5-carboxyuracil
polyoxins (Suhadolnik and Reichenbach, 2000).

September 23, 2012 Page 3 of 15
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Evaluation Question #3: Is the substance synthetic? Discuss whether the petitioned substance is
formulated or manufactured by a chemical process, or created by naturally occurring biological
processes (7 U.S.C. § 6502 (21)).

Based on the information provided in the public version of the petition, it is not possible to determine
whether polyoxin D Zinc Salt is synthetic or non-synthetic. The petitioner believes the Zinc Salt of polyoxin
D to be non-synthetic. The manufacturing process is contained in the confidential business information
(CBI) portion of the petition, and the relevant information was reviewed and considered in development of
this report.

A review of all the structural forms of polyoxin does not include the Zinc Salt as a natural product
(Worthington, 1988). Naturally occurring polyoxin D is water soluble and has a short residence time on
plant surfaces. When used as a pesticide, polyoxin D is formulated as the Zinc Salt to give longer residence
time on plant surfaces (EPA, 2008).

The manufacturing process has at least one step that is similar to other Streptomyces products that are
classified as synthetic on section 205.601 of the National List: streptomycin and tetracycline (terramycin).
Similarly, polyoxin D Zinc Salt may also be classified as synthetic.

Evaluation Question #4: Describe the persistence or concentration of the petitioned substance and/or its
by-products in the environment (7 U.S.C. § 6518 (m) (2)).

Soil half-life from aerobic microbial metabolism is reported to be 15.9 days. Degradation in water and
sunlight is reported to be approximately 2.3 days (Smith, 2012). The petition includes further results of
degradation studies under various conditions. Data reviewed by EPA indicated that polyoxin D Zinc Salt
biodegrades within 2-3 days of application, with a low toxicity profile [73 FR 69559]. The principal by-
products are polyoxin D and uracil-5-carboxylic acid (EPA, 2008). Polyoxin D Zinc Salt degrades very
quickly in alkaline soil or in alkaline solutions, and some sources recommend a pH a buffer in the spray
tank (Vincelli and Williams, 2012).

Evaluation Question #5: Describe the toxicity and mode of action of the substance and of its
breakdown products and any contaminants. Describe the persistence and areas of concentration in the
environment of the substance and its breakdown products (7 U.S.C. § 6518 (m) (2)).

Table 2
Toxicity of Polyoxin D Zinc Salt

Toxicological Studies Toxicity Values EPA
Category

Acute Oral (rats) LD50>5.0 g/kg | Practically Non-toxic
iv)

Acute Dermal (rats) LD50>2.0 g/kg | Moderately Toxic (III)

Acute inhalation (rats) LC50> 4.93 mg/L v

Primary eye irritation (rabbits) N/A I

Primary dermal irritation (rabbits) N/A v

Dermal sensitization (guinea pigs) N/A | Not a dermal sensitizer

Chronic Exposure Negative No chronic risk

Oncogenicity Negative Not an oncogen

Sources: CDPR, 2003; Smith, 2012; US EPA, 2001, 2008.
Signal word CAUTION; N/ A- Not applicable.

Polyoxins have long been regarded as antibiotics in both their structure and function (Gottlieb and Shaw,
1970; Worthington, 1988; DeBono and Gordee, 1994; Knight, et al., 1997, Dreikhorn and Owen, 2000;
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Technical Evaluation Report Polyoxin D Zinc Salt Crops

Suhadolnik and Reichenbach, 2000; EPA, 2001; O’Neill, 2006). Polyoxin D inhibits cell wall chitin synthesis
by phytopathogenic fungi (Endo, et al, 1970; Hori, et al., 1971; O’Neill, 2006). Nucleoside antibiotics such
as polyoxin D show structural similarities to UDP-N-acetylglucosamine with which they compete for the
chitin synthase active site (Dreikhorn and Owen, 2000). Polyoxins are most toxic against the following
pathogens: Alternaria kikuchiana, Pellicularia sasaki, Cochliobolus miyabeanus, Pyricularia oryzae and Neurospora
crassa (Hall, 1979).

An increased number of cells with chromosomal aberrations were observed in one study, which could be
considered a possible adverse health effect (CDPR, 2003). There has been no follow-up on the CDPR 2003
new active ingredient public report (Leahy, 2012).

Evaluation Question #6: Describe any environmental contamination that could result from the
petitioned substance’s manufacture, use, misuse, or disposal (7 U.S.C. § 6518 (m) (3)).

The EPA’s risk assessment considers polyoxin D Zinc Salt to carry a low environmental risk due to its
specific mode of action, low toxicity, rapid degradation and low application rate (EPA, 2008). The EPA
waived environmental fate and ground water data due to the use pattern, application methods, and
mitigation of non-target aquatic organism toxicity with appropriate precautionary label statements under
“Environmental Hazards.” Failure to follow the label instructions may result in the death of fish and
aquatic organisms (EPA, 2001, 2008).

Biopesticides generally pose substantially lower risks, potentially impact fewer organisms and result in less
severe environmental risks than chemically produced synthetic pesticides (EPA, 1999). As a biopesticide
and fermentation product, the environmental impact of manufacture is likely considerably less than that
for industrially produced pesticides such as copper, sulfur or petroleum distillates. The manufacturing
process is biologically based. While the manufacturing process and growth media are CBI, the procedures
are similar to the production of other antibiotics produced from Streptomyces. Polyoxin D Zinc Salt may be
disposed on-site or at an approved waste disposal facility, but should not be disposed of in waste water
(Kaken, 2009).

Evaluation Question #7: Describe any known chemical interactions between the petitioned substance
and other substances used in organic crop or livestock production or handling. Describe any
environmental or human health effects from these chemical interactions (7 U.S.C. § 6518 (m) (1)).

The EPA stated that polyoxin D Zinc Salt was evaluated under the criteria established in the Food Quality
Protection Act (FQPA) and the BPPD has not identified any “subchronic, chronic, immune, endocrine or
non-dietary cumulative exposure issues that might affect infants and children or the general population”
(EPA, 2001, 2008).

As a fungicide used to control soil-borne pathogens, polyoxin D Zinc Salt by definition kills soil fungi. As
such, several studies looked at impacts on beneficial fungi introduced in organic farming systems. The
effects were found to be mixed. Polyoxin D inhibits the germination of Trichoderma viride (Benitez, et al.,
1976). T. viride is closely related to T. harzianum, which is used in organic farming under the brand name
Root Shield (OMRYI, 2012). Gliocladium virens, Paecilomyces fumosoroseus and Streptomyces griseoviridis are
other fungi used as biological control agents in organic agriculture. G. virens is marketed as SoilGard, P.
fumosoroseus is the active ingredient in PFR-97 and S. griseoviridis is sold as Mycostop (OMRI, 2012).
Polyoxin D was also found to reduce the efficacy of the virus used to control the black cutwork (Agrotis
ipsilon) (Bixby-Brosi and Potter, 2012). On the other hand, polyoxin D Zinc Salt promotes the biocontrol of
Bacillus subtilis, with a strong positive synergistic effect reported for Alternaria mali suppression (Yang, et
al., 2010).
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Technical Evaluation Report Polyoxin D Zinc Salt Crops

Evaluation Question #8: Describe any effects of the petitioned substance on biological or chemical
interactions in the agro-ecosystem, including physiological effects on soil organisms (including the salt
index and solubility of the soil) crops, and livestock (7 U.S.C. § 6518 (m) (5)).

As a broad-spectrum antibiotic and fungicide, polyoxin D Zinc Salt is toxic to soil fungi. Polyoxins and
other antibiotics were found to increase melanins in Alternaria kikuchiana (Kohno, et al., 1983; Butler and
Day, 1998). The ecological functions of melanins are still unknown, but they are believed to enhance the
phytotoxic and pathogenic properties of plant pathogens (Butler and Day, 1998). Earthworms were shown
to have a preference for melanized fungi (Marfenina and Ischenko, 1997; Butler and Day, 1998).

Beneficial soil organisms may be adversely affected by exposure to polyoxin D. Polyoxin D inhibited the
basidiospore germination of wood-decaying fungi (Schmidt, 1987). The nematode-trapping fungus,
Arthrobotrys oligospora, was less affected by exposure to polyoxin D compared with the plant pathogen
Rhizoctonia solani, with mixed results. At lower concentrations A. oligospora showed abnormalities of
growth that resulted in greater trapping at lower concentrations and inhibition of trapping at higher
concentrations (Persson and Nordbring-Hertz, 1990). Alternative fungicides such as copper or sulfur may
have similar or greater effects on soil ecology, but no studies that compared the impacts of polyoxin D Zinc
Salt with commercial fungicides used in organic production were found in the literature. The closest
comparison found by the reviewers is a study that examined the use of Nikkomycin Z, another chitin
synthesis inhibitor. Nikkomycin Z was found to inhibit hyphal growth and cell wall structures of
arbuscular-mycorrhizal fungi (Bago, et al., 1996).

Plant pathogens can acquire resistance to fungicides if exposed to continuous selection by fungicides with a
single mode of action (Dekker, 1976). Having additional fungicides with different mode of action to rotate
for specific pathogens is a strategy for resistance management. Access to Polyoxin D Zinc Salt by organic
farmers may help to impede selection for resistant pathogens, but lack of rotation may result in resistance
to fungicides with the same mode of action. Strains of Alternaria alternata resistant to Polyoxin B have been
isolated in orchards in Japan, where it has been used intensively as a fungicide for many years (Copping
and Menn, 2000; Ishii, 2006). Because of their similar structure and mode of action, cross-resistance
Extension service specialists report that polyoxin D used on turf is considered to have a moderate risk of
resistance (Vincelli and Williams, 2012).

There have been no reported incidents of toxicity to non-target species by any member of the polyoxin
family after over 30 years of use (Copping and Duke, 2007). Polyoxin D and other nucleoside antibiotics
may be toxic to non-target insects and mites with chitinous cell walls given its mode of action
(Hollingworth, 1975). Polyoxin D was shown to inhibit chitin synthetase in cockroaches (Leighton, et al,
1981). It is possible that polyoxin D would have similar activity against other insects with chitinous
exoskeletons, some of which are beneficial, such as Hippodamia convergens, commonly known as lady
beetles (Miyamoto, et al., 1993). However, no adverse effects have been reported against organisms that
lack chitinous cell walls (Kim and Hwang, 2007).

Polyoxin D may have a negative effect on the growth of anaerobic rumen fungi when applied to pasture

(Cann, et al., 1993).

Evaluation Question #9: Discuss and summarize findings on whether the petitioned substance may be
harmful to the environment (7 U.S.C. § 6517 (c) (1) (A) (i) and 7 U.S.C. § 6517 (c) (2) (A) (1)).

Polyoxin D Zinc Salt is moderately toxic to fish and aquatic invertebrates, and should not be discharged
into water (Kaken, 2008). Toxicity of technical polyoxin D to wildlife is summarized in Table 3.

Table 3
Technical Polyoxin-D Wildlife Toxicity

Test Animal Type of Study Acute Toxicity Value® Relative Toxicity

September 23, 2012 Page 6 of 15
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Technical Evaluation Report Polyoxin D Zinc Salt Crops
Rat (M/F) Single acute oral dose >5,000 mg a.i./kg (LDsp) | Relatively non-toxic
Rainbow trout | Water exposure (96 hrs.) 5.1 mga.i./1 (LCsp) Moderately toxic
Daphnia magna | Water exposure (48 hrs.) 1.4 mga.i./1 (LCsp) Moderately toxic
Mallard duck Single acute oral dose >2,150 mg/kg (LDso) | Relatively non-toxic
Mallard duck Feeding study (8 days) >5,000 mg/kg (LCs0) | Relatively non-toxic

" LDso= lethal dose that will kill 50% of test population;
LCs0= lethal environmental concentration that will kill 50% of test population.
Source: CDPR, 2003; EPA 2008

The EPA estimated that concentration from runoff of residues into surrounding aquatic habitats from a 10
acre drainage basin into a 6 foot deep 1 acre pond would be approximately 1.6 ppb per 1% residue runoff.
Any effects from runoff residues in aquatic environments are expected to be mitigated if the label
instructions are followed (EPA, 2001).

Antibiotics released into the environment can lead to the selection of antibiotic resistant organisms, some of
which may be plant or human pathogens. Polyoxin D Zinc Salt is a Group 19 fungicide and may result in
the selection for resistance of other Group 19 fungicides (Kaken, 2008).

The EPA expects concentrations on foliar surfaces of treated crops to reach maximum residue levels of
between 9 ppm and 62 ppm for most plant types. These levels are considered to pose minimal levels of risk
to mammalian and avian wildlife based on present toxicological data (EPA, 2001).

Evaluation Question #10: Describe and summarize any reported effects upon human health from use of
the petitioned substance (7 U.S.C. § 6517 (c) (1) (A) (i), 7 U.S.C. § 6517 (c) (2) (A) (i)) and 7 U.S.C. § 6518

(m) (4)).

The EPA exempts polyoxin D Zinc Salt from the requirement of a tolerance on almonds, cucurbit
vegetables, fruiting vegetables, ginseng, grapes, pome fruits, potatoes, and strawberries [40 CFR 180.1285].
There have been no reported incidents involving polyoxin D poisoning of humans. All polyoxins have
been shown to have low mammalian toxicity (Copping and Duke, 2007). Sensitization to skin contact may
occur (Kaken, 2011).

Polyoxin D has been shown to be effective as a drug to treat the human and animal pathogens Candida
albicans and Cryptococcus neoformans (Becker, et al., 1983; Hilenski, et al., 1986). Polyoxin D also shows some
efficacy in the reduction of the protozoan parasite Encephalitozoon cuniculi infecting immune-compromised
AIDS patients (Sobottka, et al., 2002).

Evaluation Question #11: Describe all natural (non-synthetic) substances or products which may be
used in place of a petitioned substance (7 U.S.C. § 6517 (c) (1) (A) (ii)). Provide a list of allowed
substances that may be used in place of the petitioned substance (7 U.S.C. § 6518 (m) (6)).

The naturally occurring quinone plumbagin, isolated as a botanical from the plant Plumbago capensis was
shown to be equally effective to polyoxin D in the ability to inhibit the incorporation of N-
acetylglucosamine into chitin (Dekeyser and Downer, 1994). Plumbagin is not commercially available as a
registered pesticide in the US at the present time.

Copper and sulfur both appear on the National List for plant disease control. Various copper and sulfur-
based fungicides are allowed for use to control many of the pathogens for which polyoxin D Zinc Salt is
labeled. Table 13.a.1 of the petition compares the claimed efficacy of polyoxin D with the claims of other
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EPA registered products that have an active ingredient allowed in organic production (Smith, 2012). The

petition

contains a disclaimer that the table is not comprehensive. In addition to acknowledged omissions,

the following errors were noted:

The labels currently on file for EPA registered products that contain polyoxin D Zinc Salt and
mentioned in the petition are not labeled for any use on Brassicas, even though polyoxin D is
effective against Alternaria brassicae or blackspot (Tewari and Skoropad. 1979).

Similarly, Endorse WDG, a product that includes polyoxin D Zinc Salt as an active ingredient, does
not include uses on many crops for which the alternatives are labeled, including apricots,
artichokes, beans, beets, carrots, cherries, celery, chard, citrus, corn, endive, garlic, guava, hops,
leeks, lettuce, macadamia, onions, peanuts, peaches, pears, pecans, plums, spinach and walnuts.
The master label for Endorse WDG does not include shothole for almonds (Wilsonomyces
carpophilus).

Similarly, polyoxin D Zinc Salt is not labeled for many fungal and bacterial diseases that the
alternative products are legal to use in the US.

JMS Farms Organic JMS Stylet Oil and Dow’s M-Pede Insecticide-Miticide-Fungicide were omitted
from the comparisons in the petition.

Table 3 compares the disease control and suppression labels of various alternatives reviewed by OMRL
Formulations that are subregistrations of OMRI listed products and products that make broad claims of
suppression without specific crop-pathogen pairs are excluded. The number of options that organic

farmers

have is greater than Table 3 suggests.

Table 3
Comparison of the Endorse WDG Label with Alternative Pesticides

Crop

Pathogens EPA Registered and OMRI Listed Products Labeled for Use

Almonds Alternaria spp. Actinovate SP (Natural Industries); Regalia Concentrate

(Marrone); Regalia Maxx (Marrone); Sonata ASO (Agraquest).

Cucurbits Alternaria spp. Actinovate SP (Natural Industries); Badge X2 (Isagro); Basic

(Cucumbers, Copper 53 (Albaugh); Champ WG (NuFarm); Chem Copp 50
melons, (apples only) (American Chemet); COC WP (Albaugh); Cueva
squash and Fungicide Concentrate (Neudorff); Organic JMS Stylet Oil (JMS);
others) Nordox 75 WG (Nordox); Nu Cop DF (Albaugh); Nu Cop WP

(Albaugh); Oxidate (BioSafe); Prestop Biofungicide Powder
(Verdura Oy); Regalia Concentrate (Marrone).

Gray mold Actinovate SP (Natural Industries); Cueva Fungicide Concentrate
(Botrytis spp.) (Neudorff).

Gummy stem Badge X2 (Isagro); Basic Copper 53 (Albaugh); Chem Copp 50
blight (Didymella | (apples only) (American Chemet); Champ WG (NuFarm); COC
bryoniae) WP (Albaugh); Cueva Fungicide Concentrate (Neudorff); Organic
JMS Stylet Oil (JMS); Nordox 75 WG (Nordox); Oxidate (BioSafe);
Regalia Concentrate (Marrone); Regalia Maxx (Marrone); Sonata
ASO (Agraquest).

Leaf spot Oxidate (BioSafe).

(Corynespora

cassicola)

Powdery Actinovate SP (Natural Industries); Badge X2 (Isagro); Basic
mildew Copper 53 (Albaugh); Champ WG (NuFarm); COC WP (Albaugh);
(Spthaerotheca Cosavet DF (Sulphur Mills); CSC 80% Thiosperse (Martin); Cueva
spp-) Fungicide Concentrate (Neudorff); CSC Dusting Sulfur (Martin);

Kaligreen (Otsuka); M-Pede Insecticide-Miticide-Fungicide (Dow);
Nordox 75 WG (Nordox); Oxidate (BioSafe); Regalia Concentrate
(Marrone); Regalia Maxx (Marrone); Sonata ASO (Agraquest).

September 23, 2012 Page 8 of 15
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Crop Pathogens EPA Registered and OMRI Listed Products Labeled for Use
Scab Prestop Biofungicide Powder (Verdura Oy).
(Cladosporium
spp-)
Fruit Early blight Actinovate SP (Natural Industries); Badge X2 (Isagro); Basic
vegetables (Alternaria Copper 53 (Albaugh);); Chem Copp 50 (apples only) (American
(Eggplant, solani) Chemet); Champ WG (NuFarm); COC WP (Albaugh); Camelot O
pepper, (SePRO); Cueva Fungicide Concentrate (Neudorff); Organic JMS
pepinos, Stylet Oil (JMS); Nordox 75 WG (Nordox); Nu Cop DF (Albaugh);
tomatillos Nu Cop WP (Albaugh); Oxidate (BioSafe); Prestop Biofungicide
and Powder (Verdura Oy); Regalia Concentrate (Marrone); Regalia
tomatoes) Maxx (Marrone); Sonata ASO (Agraquest).
Anthracnose Actinovate SP (Natural Industries); Badge X2 (Isagro); Basic
(Colletotrichum Copper 53 (Albaugh); Champ WG (NuFarm); Chem Copp 50
coccodes) (apples only) (American Chemet); COC WP (Albaugh); Organic
JMS Stylet Oil (JMS); Nordox 75 WG (Nordox); Nu Cop DF
(Albaugh);, Nu Cop WP (Albaugh); Oxidate (BioSafe).
Gray molds Actinovate SP (Natural Industries); Cueva Fungicide Concentrate
(Botrytis sp.) (Neudorff); Oxidate (BioSafe); Regalia Concentrate (Marrone);
Regalia Maxx (Marrone); Sonata ASO (Agraquest).
Powdery Actinovate SP (Natural Industries); Cosavet DF (Sulphur Mills);
mildew CSC Dusting Sulfur (Martin); Organic JMS Stylet Oil (JMS);
(Leveillula taurica | Kaligreen (Otsuka); M-Pede Insecticide-Miticide-Fungicide (Dow);
and Oidiopsis Oxidate (BioSafe); Regalia Concentrate (Marrone); Regalia Maxx
sipula) (Marrone); Sonata ASO (Agraquest); several other sulfur products
by various manufaturers.
Ginseng Alternaria panax | Badge X2 (Isagro); Basic Copper 53 (Albaugh); Champ WG
spp. (NuFarm); Cueva Fungicide Concentrate (Neudorff); Nordox 75
WG (Nordox); Nu Cop DF (Albaugh); Nu Cop WP (Albaugh);
Oxidate (BioSafe); Regalia Concentrate (Marrone); Regalia Maxx
(Marrone); Sonata ASO (Agraquest).
Botrytis cinerea Cueva Fungicide Concentrate (Neudorff); Regalia Concentrate
(Marrone); Regalia Maxx (Marrone).
Cylinderocarpon | None found.
destructans
Rhizoctonia solani | Oxidate (BioSafe); Prestop Biofungicide Powder (Verdura Oy);
Regalia Concentrate (Marrone).
Grapes Bunch rot or CSC Copper Sulfur Dust (Martin); Cueva Fungicide Concentrate

Gray mold
(Botrytis cinerea)

(Neudorff); Cueva Fungicide RTU (Neudorff); Organic JMS Stylet
Oil (JMS); Oxidate (BioSafe); Regalia Concentrate (Marrone);
Regalia Maxx (Marrone).

Powdery
mildew (Unicula
necator)

Badge X2 (Isagro); Basic Copper 53 (Albaugh); Champ WG
(NuFarm); Copper Sulfate Crystals (Chem One); Chem Copp 50
(American Chemet); COC WP (Albaugh); Cosavet DF (Sulphur
Mills); CSC 80% Thiosperse (Martin); CSC Copper Sulfur Dust
(Martin); CSC Dusting Sulfur (Martin); Cueva Fungicide
Concentrate (Neudorff); Cueva Fungicide RTU (Neudorff);
Kaligreen (Otsuka); Organic JMS Stylet Oil (JMS); Quimag
Quimicos Aguila Copper Sulfate Crystal (Fabrica de Sulfato El
Aguila, S.A. de C.V.); Quimag Quimicos Aguila Copper Sulfate
Crystal - Crop (Fabrica de Sulfato El Aguila, S.A. de C.V.); Nordox
75 WG (Nordox); Nordox 30/30 WG (Nordox); Nu Cop DF
(Albaugh); Nu Cop WP (Albaugh); Oxidate (BioSafe); Regalia
Concentrate (Marrone); Regalia Maxx (Marrone); Most OMRI
Listed sulfur products.
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Crop Pathogens EPA Registered and OMRI Listed Products Labeled for Use
Pistachios Alternaria spp. Badge X2 (Isagro); Basic Copper 53 (Albaugh); COC WP
(Albaugh); Nordox 75 WG (Nordox); Nordox 30/30 WG
(Nordox); Nu Cop DF (Albaugh); Nu Cop WP (Albaugh); Regalia
Concentrate (Marrone); Regalia Maxx (Marrone); Sonata ASO
(Agraquest).
Botryosphaeria Badge X2 (Isagro); Basic Copper 53 (Albaugh); COC WP
spp- (Albaugh); Nordox 75 WG (Nordox); Nordox 30/30 WG
(Nordox); Nu Cop DF (Albaugh); Nu Cop WP (Albaugh); Regalia
Concentrate (Marrone); Regalia Maxx (Marrone); Sonata ASO
(Agraquest).
Pome fruit Alternaria Regalia Concentrate (Marrone).
blotch
(Alternaria mali)
Leaf blotch None found.
(Diplocarpon
mali)
Powdery Golden Micronized Sulfur (Wilbur-Ellis); Organic JMS Stylet Oil
mildew (JMS); Kaligreen (Otsuka); Regalia Concentrate (Marrone); Regalia
(Podosphaera Maxx (Marrone).
leucotricha in
apples;
Phyllactinia mali
in pears)
Scab (Venturia Badge X2 (Isagro); Basic Copper 53 (Albaugh); Blue Shield DF2
spp-) (Albaugh); Camelot O (SePRO); Chem Copp 502 (American
Chemet); CSC 80% Thiosperse (Martin); Nordox 75 WG (Nordox);
Nordox 30/30 WGa (Nordox); Oxidate (BioSafe); Regalia
Concentrate (Marrone); Regalia Maxx (Marrone).
Potatoes Early blight Basic Copper 53 (Albaugh); Blue Shield DF (Albaugh); Chem
(Alternaria Copp 50 (American Chemet); Champ WG (NuFarm); COC WP
solani) (Albaugh); Cueva Fungicide Concentrate (Neudorff); Nordox 75
WG (Nordox); Nu Cop DF (Albaugh); Nu Cop WP (Albaugh);
Oxidate (BioSafe); Prestop Biofungicide Powder (Verdura Oy);
Regalia Maxx (Marrone); Sonata ASO (Agraquest).
Strawberries | Anthracnose Cueva Fungicide Concentrate (Neudorff); Regalia Concentrate
(Colletotrichum (Marrone); Regalia Maxx (Marrone).
spp-.)
Gray mold Cueva Fungicide Concentrate (Neudorff); Organic JMS Stylet Oil
(Botrytis cinerea) | (JMS); Regalia Concentrate (Marrone); Regalia Maxx (Marrone).
Powdery Cosavet DF (Sulphur Mills); CSC Dusting Sulfur (Martin); Cueva
mildew Fungicide Concentrate (Neudorff); Golden Micronized Sulfur
(Spthaerotheca ) (Wilbur-Ellis); Kaligreen (Otsuka); M-Pede Insecticide-Miticide-
Fungicide (Dow); Organic JMS Stylet Oil (JMS); Regalia
Concentrate (Marrone); Regalia Maxx (Marrone); several other
sulfur products by various manufacturers.
@ Apples only

Sources: EPA PPLS, 2012; OMRI, 2012.

Information regarding on-farm use of the above-mentioned alternatives should be available from
accredited certification agents and access to organic system plans. The reviewers found only a limited
number of studies that compare efficacy of polyoxin D Zinc Salt with pesticides that are currently

approved for organic production.
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The only two crop-disease pairs for which there were no pesticidal alternatives approved for organic
production are C. destructans root rot in ginseng and Diplocarpon mali leaf blotch in apples. Researchers
showed that the biological control agent Gliocladium catenulatem applied as the OMRI Listed product
Prestop controlled C. destructans in ginseng comparable to the chemical fungicide metalaxyl-M (Rahman
and Punja, 2007). Prestop is not currently labeled for C. destructans on ginseng. Blotches caused by
Alternaria mali and Diplocarpon mali are not identified as a serious problem in US organic apple production
(Swezey, 2000; Craver, et al., 2008; Delate, et al., 2008; Peck and Merwin, 2009). In California, the only
labeled are for turf, grass, pistachios and grapes (Arysta, 2010, 2011; Leahy, 2012).

Evaluation Question #12: Describe any alternative practices that would make the use of the petitioned
substance unnecessary (7 U.S.C. § 6518 (m) (6)).

NOP Standards require that a producer must use certain specific management practices. Among the
management practices required are crop rotations, crop nutrient management practices, sanitation to
remove disease vectors, and the selection of resistant species and varieties [7 CFR 205.206(a)]. In addition,
before any fungicide that appears on the National List can be used, a producer must also document that
disease suppressive practices as well as non-synthetic biological, botanical or mineral inputs are
insufficient to prevent, suppress or control diseases [7 CFR 205.206(d) & (e)].

Antibiosis as a mode of action for plant disease suppression in soils is a relatively new approach. The use
of live organisms rather than their extracts offers a more ecological approach to manage plant pathogens
and is seen as more consistent with organic farming principles (Milner, et al., 1997). Beneficial antagonistic
Streptomyces spp. may be promising biological control agents (Liu, et al., 1997), but development and
commercialization has been slow.

Improved monitoring techniques can help ginseng growers avoid planting into soils that are infested with
Cylinderocarpon descructans (Kernaghan et al., 2007). Rotations with brassicas, such as mustard cover crops,
can biofumigate soils and suppress C. destructans when an infestation has occurred (Crosby, et al., 2010).

References:
Arysta Life Science North America. 2012. Endorse Water Dispersible Granular Product Label. EPA
Registration #66330-56.

.2010. Ph-D™ Water Dispersible Granules Label.
http://pdf.tirmsdev.com/Web/15/30432/15_30432_LABEL _English_.pdf. Accessed September
22, 2012.

. 2011. Ph-D™ Water Dispersible Granules Supplemental Labeling.
http://pdf.tirmsdev.com/Web/15/30432/15_30432_5358_SUPP___English.pdf. Accessed
September 22, 2012.

. 2012. Endorse WP Product Label. EPA Registration #68173-2.
http:/ /www.epa.gov/pesticides/chem_search/ppls/068173-00002-20090428.pdf. Accessed May 21, 2012.

Bago, B. H. Chamberland, A. Goulet, H. Vierheilig, J. -G. Lafontaine and Y. Piché. 1996. Effect of
nikkomycin z, a chitin synthesis inhibitor on hyphal growth and cell wall structure of two arbuscular
myecorrhizal fungi. Protoplasma 102: 80-92. (Abstract).

Becker, ]. M., N.L. Covert, P. Shenbagamurthi, A.S. Steinfeld and F. Naider. 1983. Polyoxin D inhibits
growth of zoopathogenic fungi. Antimicrobial Agents and Chemotherapy 23: 926-929.

Benitez, T., T. G. Villa and I. Garcia Acha. 1976. Effects of polyoxin D on germination, morphological
development and biosynthesis of the cell wall of Trichoderma viride. Archives of Microbiology 108: 183-188.
(Abstract).

September 23, 2012 Page 11 of 15


http://pdf.tirmsdev.com/Web/15/30432/15_30432_LABEL_English_.pdf
http://pdf.tirmsdev.com/Web/15/30432/15_30432_5358_SUPP___English.pdf
http://www.epa.gov/pesticides/chem_search/ppls/068173-00002-20090428.pdf

Technical Evaluation Report Polyoxin D Zinc Salt Crops

417

418  Bixby-Brosi, A.J. and D.A. Potter. 2012. Can a chitin-synthesis-inhibiting turfgrass fungicide enhance black
419  cutworm susceptibility to a baculovirus? Pest Management Science 68: 324-329 (Abstract).

420

421 Bono, K., J. Nagatsu, K. Kobinata, K. Saski and S. Suzuki. 1967. Studies on polyoxins, antifungal antibiotics.
422 Agricultural Biological Chemistry 31: 190-199. (Abstract)

423

424 Butler, M.J. and A.W. Day. 1998. Fungal melanins: a review. Canadian Journal of Microbiology 44: 1115-1136.
425

426  California Department of Pesticide Regulation (CDPR). 2003. Polyoxin-D. Public Report 2003-7.

427 http:/ /www.cdpr.ca.gov/docs/registration/ais/ publicreports/5788.pdf. Accessed September 15, 2012.
428

429  Canadian General Standards Board (CGSB). 2011. CGSB Permitted Substances List as Amended through June
430 2011. http:/ /www.tpsgc-pwesc.gc.ca/ ongc-cgsb / programme-program/ norms-standards/internet/ bio-
431 org/permises-permitted-eng.html.

432

433 Cann, I.LK.O, Y. Kobayashi, A. Onoda, M. Wakita, S. Hoshino. 1993. Effects of some ionophore antibiotics
434 and polyoxins on the growth of anaerobic rumen fungi. Journal of Applied Microbiology 74: 127-133.

435

436 ChemBioFinder. 2012. Polyoxin D. http:/ /www.chemfinder.com. Accessed May 11, 2012.

437

438  Codex Alimentarius Commission. 2001. Guidelines for the Production, Processing, Marketing and

439  Labelling of Organically Produced Foods. Rome: UN Food and Agriculture Organization.

440 ftp:/ /ftp.fao.org/docrep/fao/005/Y2772¢e/Y2772e.pdf.

441

442  Copping, L.G. and J.J. Menn. 2000. Biopesticides: A review of their actions, applications and efficacy. Pest
443  Management Science 56: 651-676.

444

445  Copping, L.G. and J.A. Duke. 2007. Natural products that have been used commercially as crop protection
446 agents. Pest Management Science: 63: 524-554.

447

448  Craver, D., N. Andrews and D. Granatstein. 2008. Information gaps and research needs for Washington
449  organic tree fruit. Presentation made at the 2008 Organic Session Washington State Horticulture

450 Association, Yakima, WA. December 3, 2008.

451 http:/ /organic.tfrec.wsu.edu/OrganiclFP/OrganicFruitProduction/Research Priorities Hort08 data.pdf
452

453  Crosby, C., L. Carpenter-Boggs, S. Higgins and N. Khadduri. 2010. Detection and control of Fusarium

454 oxysporum and Cylindrocarpon destructans in forest nursery soils. USDA Forest Service Proceedings RMRS-P-
455 62. http:/ /www.fs.fed.us/rm/pubs/rmrs p062/rmrs p062_032_034.pdf. Accessed May 26, 2012.

456

457 Debono, M. and R.S. Gordee. 1994. Antibiotics that inhibit fungal cell wall development. Annual Reviews in
458  Microbiology 48: 471-497.

459

460  Dekeyser, M.A. and R.G.H. Downer. 1994. Biochemical and physiological targets for miticides. Pesticide
461  Science 40: 85-101.

462

463  Dekker, J. 1976. Acquired resistance to fungicides. Annual Review of Phytopathology 14: 405-428.

464

465 Delate, K., A. McKern, R. Turnbull, ].T.S. Walker, R. Volz, A. White, V. Bus, D. Rogers, L. Cole, N. How, S.
466  Guernsey and J. Johnston. 2008. Organic apple systems: Constraints and opportunities for producers in
467  local and global markets. HortScience 43: 6-11.

468

469  Dreikhorn B.A. and W.]J. Owen. 2000. Fungicides, Agricultural. Kirk-Othmer Encyclopedia of Chemical

470  Technology.

471

September 23, 2012 Page 12 of 15


http://www.cdpr.ca.gov/docs/registration/ais/publicreports/5788.pdf
http://www.tpsgc-pwgsc.gc.ca/ongc-cgsb/programme-program/norms-standards/internet/bio-org/permises-permitted-eng.html
http://www.tpsgc-pwgsc.gc.ca/ongc-cgsb/programme-program/norms-standards/internet/bio-org/permises-permitted-eng.html
http://www.chemfinder.com/
ftp://ftp.fao.org/docrep/fao/005/Y2772e/Y2772e.pdf
http://organic.tfrec.wsu.edu/OrganicIFP/OrganicFruitProduction/Research_Priorities_Hort08_data.pdf
http://www.fs.fed.us/rm/pubs/rmrs_p062/rmrs_p062_032_034.pdf

472
473
474
475
476
477
478
479
480
481
482
483
484
485
486
487
488
489
490
491
492
493
494
495
496
497
498
499
500
501
502
503
504
505
506
507
508
509
510
511
512
513
514
515
516
517
518
519
520
521
522
523
524
525
526

Technical Evaluation Report Polyoxin D Zinc Salt Crops

Endo, A., K. Kakiki and T. Misato. 1970. Mechanism of action of the antifugal [sic] agent polyoxin D.
Journal of Bacteriology 104: 189-196.

European Union Commission. 2007. Council Regulation (EC) No 834/2007 of 28 June 2007 on Organic
Production and Labelling of Organic Products and Repealing Regulation (EEC) No 2092/91. http:/ /eur-
lex.europa.eu/LexUriServ/LexUriServ.do?uri=0]:1.:2007:189:0001:0023:EN:PDF

.2008. Commission Regulation (EC) No 889/2008 of 5 September 2008 laying down detailed rules
for the implementation of Council Regulation (EC) No 834/2007 on organic production and labelling of
organic products with regard to organic production, labelling and control. http://eur-
lex.europa.eu/LexUriServ/LexUriServ.do?uri=CONSLEG:2008R0889:20090809:EN:PDF

.2012. Commission Implementing Regulation 126/2012. amending Regulation (EC) No 889/2008
as regards documentary evidence and amending Regulation (EC) No 1235/2008 as regards the
arrangements for imports of organic products from the United States of America. http://eur-
lex.europa.eu/LexUriServ/LexUriServ.do?uri=0J:1.:2012:041:0005:0011:EN:PDE. Accessed July 11, 2012.

Gottlieb, D. and P.D. Shaw. 1970. Mechanism and action of antifungal antibiotics. Annual Review of
Phytopathology 8: 371-402.

Hall, R. 1979. Fungitoxicants and fungal taxonomy. Botanical Review: 45: 1-14.

Hilenski, L.L., F. Naider and ].M. Becker. 1986. Polyoxin D inhibits colloidal gold-wheat germ agglutinin
labeling of chitin in dimorphic forms of Candida albicans. Journal of General Microbiology 132: 1441-1451.

Hollingworth, R.M. 1975. Design of selective insect toxicants, in J.C. Street (ed.), Pesticide Selectivity:
Knowles, C.O.1975. In J. C. Street (ed.) Pesticide Selectivity: 155-176. New York: Dekker.

Hollis, L.A. 2008. Arysta Life Science North America LLC Endorse Water Dispersible Granules, EPA
Registration No. 66330-56, Label Amendment to Add First Food Use. Washington: US EPA.
http:/ /www.epa.gov/pesticides/chem_search/ppls/066330-00056-20080916.pdf. Accessed May 21, 2012.

Hori, M., K. Kakiki, S. Suzuki and T. Misato. 1971. Studies on the mode of action of polyoxins: Relation of
polyoxin structure to chitin synthetase inhibition. Agricultural and Biological Chemistry 35: 1280-1291.

International Federation of Organic Agriculture Movements. 2005. IFOAM Basic Standards. Bonn: IFOAM.

Ishii, H. 2006. Impact of fungicide resistance in plant pathogens on crop disease control and agricultural
environment. Japan Agricultural Research Quarterly 40: 205-211.

Japanese Ministry of Agriculture, Forestry and Fisheries ({MAFF). 2012. Japanese Agricultural Standard for
Organic Plants as Revised through March 28, 2012 (Preliminary Translation). Notification Number
1605.Tokyo: JMAFF. http:/ /www.malff.go.jp/e/jas/specific/pdf/833_2012-2.pdf. Accessed May 2, 2012.

Kaken Pharmaceutical. 2008. Polyoxin D Zinc Salt Technical Label. EPA Registration #68173-1.
http:/ /www.epa.gov/pesticides/chem_search/ppls/068173-00001-20081112.pdf . Accessed May 21, 2012.

. 2009. Endorse WDG Master Label Kaken 2009-12-15 with minor changes implemented. Attached
to petition.

. 2011. MSDS for Polyoxin D Zinc Salt. Attached to petition.

Kernaghan, G., R.D. Reedlander, and S.M.T. Hoke. 2007. Quantification of Cylindrocarpon destructans f. sp.
Panacis in soils by real-time PCR. Plant Pathology 56: 508-518.

September 23, 2012 Page 13 of 15


http://eur-lex.europa.eu/LexUriServ/LexUriServ.do?uri=OJ:L:2007:189:0001:0023:EN:PDF
http://eur-lex.europa.eu/LexUriServ/LexUriServ.do?uri=OJ:L:2007:189:0001:0023:EN:PDF
http://eur-lex.europa.eu/LexUriServ/LexUriServ.do?uri=CONSLEG:2008R0889:20090809:EN:PDF
http://eur-lex.europa.eu/LexUriServ/LexUriServ.do?uri=CONSLEG:2008R0889:20090809:EN:PDF
http://eur-lex.europa.eu/LexUriServ/LexUriServ.do?uri=OJ:L:2012:041:0005:0011:EN:PDF
http://eur-lex.europa.eu/LexUriServ/LexUriServ.do?uri=OJ:L:2012:041:0005:0011:EN:PDF
http://www.epa.gov/pesticides/chem_search/ppls/066330-00056-20080916.pdf
http://www.maff.go.jp/e/jas/specific/pdf/833_2012-2.pdf
http://www.epa.gov/pesticides/chem_search/ppls/068173-00001-20081112.pdf

527
528
529
530
531
532
533
534
535
536
537
538
539
540
541
542
543
544
545
546
547
548
549
550
551
552
553
554
555
556
557
558
559
560
561
562
563

564
565
566

567
568
569
570
571
572
573
574
575
576
577
578
579

Technical Evaluation Report Polyoxin D Zinc Salt Crops

Kim, B.S and B.K. Hwang. 2007. Microbial fungicides in the control of plant diseases. Journal of
Phytopathology 155: 641-653.

Knight, S5.C., V. M. Anthony, A. M. Brady, A.J. Greenland, S. P. Heaney, D. C. Murray, K. A. Powell, M. A.
Schulz, C. A. Spinks, P. A. Worthington, and and D. Youle. 1997. Rationale and perspectives on the
development of fungicides. Annual Review of Phytopathology 35: 349-372.

Kohno, M., H. Ishizaki, H., Lin, P.-H., K. Yamamori and H. Kunoh.1983. Effect of polyoxin on fungi (IX):
ultrastructural and cytochemical analysis of polyoxin treated hyphae of Alternaria kikuchiana Tanaka.
Annals of the Phytopathological Society of Japan 49: 38-46. Cited in Butler and Day, 1998 op. cit.

Leahy, B. 2012. Personal Communication. September 20.

Leighton, T., E. Marks, and F. Leighton. 1981. Insecticides and fungicides are chitin synthesis inhibitors.
Science 213: 905-907.

Liu, D., L.L. Kinkel, E.C. Eckwall, N.A. Anderson and J.L. Schottel. 1997. Biological control of plant disease
using antagonistic Streptomyces, in D.A. Andow, D.W. Ragsdale and R.F. Nyvall (eds.) Ecological Interactions
and Biological Control: 71-86. Boulder: Westview.

LookChem. 2012. CAS No0.33401-46-6. http:/ /www.lookchem.com/cas-334/33401-46-6.html. Accessed
May 11, 2012.

Marfenina O.E., and L. A. Ishchenko. 1997. Earthworms preference for soil microscopic fungi. Izvestia
Akademia Nauk SSSR Ser. Biol. 4: 504-506. Cited in Butler and Day, 1998. Op. cit.

Merrigan, K. and I. Siddiqui. 2012. Letter to Dacian Ciolos regarding US-EU organic equivalency
agreement. February 15. http:/ /www.fas.usda.gov/organictrade/ Agreement.pdf. Accessed July 11, 2012.

Milner, J., L. Silo-Suh, R M. Goodman and J. Handelsman. 1997. Antibiosis and beyond: Genetic diversity,
microbial communities and biological control, in D.A. Andow, D.W. Ragsdale and R.F. Nyvall (eds.)
Ecological Interactions and Biological Control: 107-127. Boulder: Westview.

Misato, T. 1977. The development of agricultural antibiotics, in J.R. Plimmer (ed.), Pesticide Chemistry in the
20t Century-A Symposium: 170-192. Washington, DC: ACS.

Miyamoto, J., M. Hirano, Y. Takimoto, and M. Hatakoshi. 1993. Insect Growth Regulators for Pest Control,
with Emphasis on Juvenile Hormone Analogs, in Pest Control with Enhanced Environmental Safety: 144-168.
Washington, DC: ACS.

O'Neil, M.]., et al. 2006. Merck Index. Whitehouse Station,NJ: Merck.
Organic Materials Review Institute (OMRI). 2010. OMRI Policy and Standards Manual. Eugene: OMRI.
. 2012. OMRI Products List. Eugene: OMRL

Peck, G.M and I.A. Merwin. 2009. A Grower’s Guide to Organic Apples. Geneva, NY: NYS Agricultural
Experiment Station.

Persson, Y. and B. Nordbring-Hertz. 1990. Effect of polyoxin D on morphogenesis of the nematode-
trapping fungus Arthrobotrys oligospora. Mycological Research 94: 196-200.

September 23, 2012 Page 14 of 15


http://www.lookchem.com/cas-334/33401-46-6.html
http://www.fas.usda.gov/organictrade/Agreement.pdf

580
581
582
583
584
585
586
587
588
589
590
591
592
593
594
595
596
597
598
599
600
601
602
603
604
605
606
607
608
609
610
611
612
613
614
615
616
617
618
619
620
621
622
623

Technical Evaluation Report Polyoxin D Zinc Salt Crops

Rahman, M. and Z.K. Punja. 2007. Biological control of damping-off on American ginseng (Panax
quinquefolius) by Clonostachys rosea f. catenulata (= Gliocladium catenulatum) Canadian Journal of Plant
Pathology 29: 203-207. (Abstract).

Schmidt, E.L. 1987. Influence of Polyoxin D on basidiospore germination of two wood decay fungi.
Moycologia 79: 627-630.

Smith, C.A. 2012. Petition to Amend 7 CFR 205.601 to Add Polyoxin D Zinc Salt as a Synthetic Substance
Allowed for Use In Organic Crop Production. Lorton, VA: Kaken Pharmaceuticals.

Sobottka I., K. Bartscht, P. Schifer, T. Weitzel, J. Schottelius, N. Kock and R. Laufs. 2002. In vitro activity of
polyoxin D and nikkomycin Z against Encephalitozoon cuniculi. Parasitology Research 88: 451-453. (Abstract).

Suhadolnik, R.J. and N.L. Reichenbach. 2000. Nucleosides and nucleotides. Kirk-Othmer Encyclopedia of
Chemical Technology 1-37.

Swezey, S.L. 2000. Organic Apple Production Manual. Oakland: University of California Division of
Agriculture and Natural Resources.

Tewari, ].P. and W.P. Skoropad. 1979. The effects of polyoxins B and D on Alternaria brassicae and the
blackspot of rapeseed. Canadian Journal of Plant Science 59: 1-6.

Tokumura, J., S. Kochi and T. Yoshimura. 2001. Dry flowable polyoxin compositions. US Patent #6,239,115.
Assigned to Kaken.

US Environmental Protection Agency (EPA). 1999. Biopesticides. http:/ /www.epa.gov/oecaagct/tbio.html

. 2001. Consideration of Eligibility for Registration of the New Pesticide Active Ingredient Polyoxin
D Zinc Salt Memorandum Decision. Washington: USGPO.
http:/ /www.epa.gov/oppbppdl/biopesticides/ingredients/tech _docs/tech 230000.pdf. Attached to
petition.

. 2008. Biopesticide Registration Action Document: Polyoxin D Zinc Salt. Washington, DC: USEPA.

. 2012. Pesticide Product Labeling System. http:/ /iaspub.epa.gov/apex/pesticides/f?p=PPLS:1

Vincelli,P. and D.W. Williams. 2012. Chemical control of turfgrass diseases 2012. University of Kentucky
Cooperative Extension. http://www.ca.uky.edu/agc/pubs/ppa/ppal/ppal.pdf.

Worthington, P.A. 1988. Antibiotics with antifungal and antibacterial activity against plant diseases.
Natural Product Reports 1: 47-66.

Yang, S., W. ShuTong, H. TongLe, R. HongMin and C. KeQiang. 2010. Inhibition effect of biocontrol strain
BS-315 against Alternaria mali. Plant Diseases and Pests 1: 40-42.

September 23, 2012 Page 15 of 15


http://www.epa.gov/oecaagct/tbio.html
http://www.epa.gov/oppbppd1/biopesticides/ingredients/tech_docs/tech_230000.pdf
http://iaspub.epa.gov/apex/pesticides/f?p=PPLS:1
http://www.ca.uky.edu/agc/pubs/ppa/ppa1/ppa1.pdf

